using London tap water (which contained calcium) supported the contraction of isolated frog hearts, whereas saline made up using distilled water (which lacked calcium) could not. Subsequent work revealed that numerous cell biological processes are controlled by calcium (Carafoli . Particularly important was the discovery in the 1950s that calcium triggers skeletal muscle contraction by binding to troponin C and that calcium can be sequestered in the sarcoplasmic reticulum. These studies led to the notion that calcium signals inside cells oscillate: the cytoplasmic calcium concentration increases, a particular effector is activated, and then the calcium signal is reversed to reset the system (see Figs. 1 and 2 ). Cells use a "toolkit" of channels, pumps, and cytosolic buffers to control calcium levels (Berridge et al. 2000) . Numerous proteins are modulated directly or indirectly by calcium. These include kinases and phosphatases, transcription factors such as NF-AT, and the ubiquitous calcium-binding protein calmodulin (CaM).
Electrical, hormonal, and mechanical stimulation of cells can produce calcium signals by causing entry of the ion across the plasma membrane or its release from intracellular stores. Binding of hormones to G-protein-coupled receptors (GPCRs), for example, leads to generation of the second messenger inositol 1,4,5-trisphosphate (IP 3 ), which releases calcium from intracellular stores such as the endoplasmic reticulum. By contrast, electrical or neurotransmitter stimulation of neurons causes calcium to enter 
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cells from outside via channels in the plasma membrane. This can increase the average cytosolic calcium concentration from around 100 nM to around 1 mM. Close to an active channel the calcium concentration can reach tens of micromolar. Such local hot-spots of calcium are used by cells to activate specific process that are generally not sensitive to the bulk cytosolic calcium concentration (Bootman et al. 2001) .
Cellular calcium signaling proteomes are tissue-specific, producing unique calcium signals that suit a tissue's physiology (Berridge et al. 2003) . For example, cardiac myocytes require a rapid (hundreds of milliseconds) wholecell calcium transient to trigger contraction every second (Bers 2002) , whereas cells that are not electrically excitable typically display calcium oscillations that last for tens of seconds, and can have a periodicity of several minutes, to control gene expression and metabolism (Dupont et al. 2011) . The rapid calcium signals within myocytes are caused by calcium entering through voltage-activated calcium channels in the plasma membrane, which then triggers calcium release via ryanodine receptors on the sarcoplasmic reticulum. The slower calcium signals in nonexcitable cells typically rely on IP 3 , which binds to channels (InsP 3-Rs) on the endoplasmic reticulum, or potentially nicotinic acid adenine dinucleotide phosphate-gated calcium channels (two pore channels) on acidic organelles, leading to release of calcium into the cytoplasm (Galione 2011) . Calcium signals can also pass through gap junctions to coordinate activities of neighboring cells (Sanderson et al. 1994) .
The actions of calcium can be mediated by direct binding of calcium to effectors, such as the phosphatase calcineurin (Berridge 2006) . Alternatively, it can act via the ubiquitous calcium-binding protein CaM. The interaction of calcium with CaM leads to a rearrangement of the protein that allows it to bind and allosterically regulate target molecules such as the calcium/calmodulin-dependent kinases CaMKII and CaMKIV. CaM is mobile within cells and can associate with its targets after binding calcium. However, in some cases, it is prebound to its target, which provides rapid control. Ultimately, calcium signals are reversed by the action of pumps such as the sarco/endoplasmic reticulum ATPases (SERCA) that return it from the cytosol to intracellular stores or the external milieu.
